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‘ » Introduction research group and general scope
= Introduction Project WIEfm

= Optimal district heating supply temperature case Meppel
Nieuwveenselanden

» QOptimal capacities: renewable generators and storage facilities

» Interesting advantages of district heating systems for integration of
renewable energy
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V w7~ Focus of CAES energy group

Energy-autonomous smart micro-qrids:

« = Modeling and control of energy streams in micro-grids
= TRIANA control methodology for micro-grids based on
= Prediction

= Planning

= Real-time control
Main applications:

= Planning and control of storage and flexibility in micro-grids

= Planning and control of energy streams in buildings
» Measurements and control of power guality in micro-grids

More: www.utwente.nl/energy
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Focus of research chair renewable energy
Saxion University of Applied Sciences

1. Bio-based economy and energy from biofuels
2. Smart buildings and energy control
3. Urban energy and integration of renewable energy
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WIEfm: modernizing heat
supply in the Euregio

o
G u
o
Wint ijk us
a

CCCCCC

Osnabriick

Fachhochschule }
Miinster University of
D"“uTE?h'}(_Egd Applied Sciences SA_!{‘}ON
Y

erland



rmation: www.wiefm.eu
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WIE™ ist ein deutsch-niederlandisches Projekt, das (iber das INTERREG-V-A-Kooperationsprogramm geférdert wird.

Startseite Das Projekt Pinnwand Best Practice Medien Veranstaltungen Kontakt

™ Deutsch (DE)
= Nederlands (NL)

INTERREG
D ﬁu schland
ederland
Suche ...
Europdische Union
Europese Unie
Bevorstehende

Veranstaltungen

2nd International
Conference on Smart
Energy Systems and 4th
Generation District Heating

2. Expertenworkshop:
Warme aus erneuerbaren
Energien
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COMFORTABEL EN DUURZAAM WONEN IN NIEUWVEENSE LANDEN 6 MeppelEnergie

VERWARMING DOOR SNO EIHOUT ATIE
Hout gestackte
ketel levert warmte Vergister Water nuivering RPEPISEpe
aan ﬁooh::r WHKD z0fgt voor verwarming,
2uivering Sinstaliatie  — verkoeling en warm tapwater
T Warmte uit effuent.
(Gezuiverd atvabwater) | *1/3evan de waningen heeft
| een Individuele warmtepamp
indewoning
* Elektra voor de warmtepamp

nieuwveerise Y/ Kot van het energiehuis

L aAglest

S

Afgifteset in de woning zorgt

DEELPLAN 1 Voor verwarming, verkosing
e plpbessat TILL e warm tapwater
Totale glan 3.400 woningen.
* 2/3¢ van de woningen
{compacte bouw) heeft een
afgifieset en daarmes een
sanshuiting op de warmte-
cpwekking van het energiehuis

Smart grids

Alle warmtepompen 5jn aan-
gedoten ap een skm energienet.
{smart grids). Zo kan het aanbod
van energie optimsal op ekaar
afgestemd worden.

Zonnepanelen leveren energie.
Teveel aan opgewekte energie
kost geen geld, maar levert geid op.

........

" e
Geen ontsierende radistoren. Beter voor het milieu door fors ZOMER: Koudel evering ‘ | WINTER: Warmtelevering
Gezonder wooncomfort (minder lucht- Iagere CO2 vitstoot. Finandeel Warmte wordt opgedagenin de bodem v Koudewordt cpgesiagen in de bodem
dirculatie, dus minder o Kaude wordt onttrokken san de bodem Warmte wordt onttrakken san de bodem
7
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w N Optimal district heating supply temperature
«ASSUmptions:

= 200 houses E o MR /
= Existing network designed for 70°C |l = MR e |
= Present supply temperature: 80°C = B =l
= Joined return: 20-35°C (average: 25°C) @E@ e
= Specified pipe lengths, diameters | *%gé
and insulation thickness I S Wm |

= Flow calculation available at 70°C = wi | gi

Elll == av= e

ks e
- Determine the optimal supply temperature | A=

5 —- NN !
(OO < /_/e)@@]@e/@ © @ Ud\\
NWBONWB0/00 A== :
A Ellle ‘ ‘ ‘ Beenlengtes expansies en bochter
Al e ‘ ‘ dienen nog uitgewerkt te worden,
1 T — e
ﬂ ® N ol H S ||
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“ mApproach optimal supply temperature
| ‘" PP P PPR1y P

=

1. Investigate feasibility of decentral temperature boost - negative

2. Investigate home heat exchanger transfer limitations

T =55°C

supply,min

b .
. .

3. Develop models:
» aggregated heat demand (time series)
" pumpmg energy. I:)pumpzll:(cpmax1Tsupp|y)
= network heat loss: Q=f(Tsupp|y)

4. Determine optimal supply temperature as cost minimum

5. Develop legionella risk reduction measures

° Q UNIVERSITY OF TWENTE. 10
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w; \O timal supply temperature
ﬂ P PPly P

‘ = Apply costs: pumping electricity: €0,15/kWh, heat loss €0,03/kWh
l

= Energy costs: equivalent full load hours/year: t, .., max/8760

12000 j
~ 11500 |
7
£ 11000 ] j//
g ‘/*/
J' 10500 - / —30% —
10000 - ——-50% —

70%

50 55 60 65 70
Tsupply (OC)

» Practical range: 25-40% for equivalent full load hours

» Include marging of e.g. 5°C to guarantee supply furthest string

conclusion: 60°C
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| AVI “uComments

‘- Practical experience: less pumping energy than expected - real
optimum is at lower temperatures!

= Limitation Meppel case: T < 55°C causes problems for domestic hot
water

= Dynamic flow and heat loss calculation to improve design of the
district heating system

» Refer to papers by: Atli Benonysson, Henrik Madsen, Jan Hensen.

= Software for dynamic district heating simulation: Termis, Modelica,
TRNSYS, Matlab Simulink

° Q UNIVERSITY OF TWENTE. 12
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w ¢~ Urban ener eneration capacities
@ﬂ 3 P

source = Concept I (all), 2 & 3.3
== Concept 2 & 3.3
Concept 3 (all)
P e

Concept 1.3 & 3.2
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w “u Optimization principle
*‘VI p P P

Capacity Input: Demand & Initial
Constraints characteristics Constraints
Cost Output: Energy . |
Optimization Converter Scheduling c uppﬂy
Model Capacities Model nersy fows

 —

More information: refer to upcoming paper related to this conference
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“ “wCase study: Meppel with bio-fuel boiler & solar PV

» Reference: import (grey) electricity, condensing natural gas boiler per

« house, natural gas network

= Case:
= Bio-fuel boiler with thermal storage
= Supportive: external heat (natural gas boiler)

» Large scale solar PV for household electric demand with electric
storage

» QObijective: maximize self consumption, minimize external heat

» Study influence of thermal and electric storage on objective and costs

° Q UNIVERSITY OF TWENTE. 15
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switches

1- present

wﬂ/“ Dashboard with optimal capacities

thermal storage

biofuel co-generator 0 0- not present
external heat supply 1
bio-mass boiler 1 |number0f houses | 200|NOTE: if changed then new input fi
solar PV 1
wind turbine 0 Grid losses

heat pump 0 heating grid 20(kw

cooling 1 cooling grid -2\ kw
1
1

electric storage

thermal capacity boiler of
CHP

thermal production 526|kw

electric pmduct'mn| 0|kW

external heat supply

efficiency 1
thermal production 0lkW
thermal production 0lkw

solar PV
kWp/m2
panel area
maximum power|  551,6/kW
wind turbine
axle height m
rotor diameter 70|m
maximum power 1500(kw
power production 0[kwW

et rctor [N |

heat pump
max thermal production kw
thermal production 0[kwW
heating COP|
cooling

cooling COP| 20|

biofuel co-generator or boiler Storages
al eﬁlclency boiler 0,95 capacity |value ximum charge rate
0,7 thermal storage 1200|kWh thermal 316|kw
0,25 electric storage 600[kWH | | electric 120/ kW

user defined variable
optimization variable
dependend variable

D
=

Et et e

D
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. ‘_Reference:

Year totals ( )
Electricity Thermal
b hold i heat biomass boiler -_—
ouseho coolin . . . eat pum .
. .g wind turbine solar PV CHP electric P . P - . heat grid or CHP heat pump | external heat
electric electric K . ) electric grid import grid export i
production production production . demand thermal production supply
demand demand consumption .
production
-576.449 -7.313 - - - - 583.762 - -1.692.617 - - 1.692.617
generation- storage
demand import-export balance total balance
Electricity balance -583.762 583.762 0 0
Thermal balance - 0 -
rt 0
grid peak .expo
import 174
Year totals (kWh)
Electricity Thermal
biomass boiler
household ) . . ) ) heat pump )
. cooling electric| wind turbine solar PV CHP electric . . . heat grid or CHP heat pump external heat
electric . i ] electric grid import grid export .
demand production production production . demand thermal production supply
demand consumption .
production
-576.449 -7.690 583.604 - 251.799 -251.566 -1.867.817 1.868.404 - -
generation- storage
demand import-export balance total balance
Electricity balance -534 234 300 -0
Thermal balance 586 -586 -0
grid peak Iexpor‘t -503
import 174

®
=




SAWION

Electricity

700

- 600

| I
R 1 | LA o o
“ ll | A Ih - | 400 ===—wind turbine

s salar PV

l .
| 300 ====CHP
i | | | J a | = heat pump
i 200 s grid import

Sy

feed-in peaks

N

-100

_L

-200 ' ' ' = hattery charge
r 100
300 %\ battery state
400 il e S 8 D VU A | A P [ U T S— ! 3 A S A | A L o
505 529 553 577 601 625 649 673 697 721 745 769 793 817 841 865 889 913 937 961 985 1009 1033 1057 1081 1105 1129 1153
time (hour)
Thermal

700 1400
600

1200
500 y ! ) | 1 I " i
400 1000
300 ] | | ‘ L) e demand

200
200 — — e .

g | | L | y boiler or CHP

100 — e hi2at pump

600

0 = cyternal heat supply
w—ctorage charge
-100 400
thermal storage state

-200 I

200
-300
-400 o

505 529 553 577 601 625 649 673 697 721 745 769 793 817 841 865 889 913 937 961 985 1009 1033 1057 1081 1105 1129 1153




Electricity

cooling

[ - s ]
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MPC (smart)
charging, flexible

l‘\‘
M\ device control | -
{\ \ 400 !
"‘ 300
200 —f— | i ] 1 |

Thermal
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dvantage of a district heating network for integration
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Dissipate surplus electricity into district heating
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network

Price incentive:

NWB5/NWE5/063 NWSO/NWS0/@50 :
» Grid feed-in maximum: €0,055/kWh = M e
AB NWSQINWED!
= Balance power market: feed-in revenues can//~—//// - Jirm | )
be negative! == /l= Wi ’ )
=) MAUONA0A NN GEINIGSIZ50) SA\
= Fuel price wood chips: €0,023/kWh @E@ = .
““ “‘w “‘w p NWB5/NWES/63
; u { —NWESNWESIOE, ]
Is there a business case? s — =
% LWKWMQ
. . . . W) V=5 ai 7 ] u T
= Cheaper connection (uni-directional) | [ ‘
= No investments in other smart solutions S Lgéﬁg e o e =
| = = o F_|
H ] \‘ n =e] :fw—ﬁslf:%'
re q uire d =W 254 zﬁmw 10 [iél e 3
/ IS
. |
= Less electrical storage 7{(17 || = =
‘c" ’J HE™—"waon
= More renewable feed-in possible for existing W] .
5 = ]
. . . O TEHEE FJ) © © © @ C DH
maln grld CapaCIty A E O) N ‘| CESJeenIengtesexpansiesen bochter

‘ dienen nog uitgewerkt te worden,
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, _ _Transformer
T Limit: 174 kKW

i |

each area
< 1200 kWh

/= .

N oam am Emwm

Production

prediction
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ﬁﬁWhat are the results?
—)L

Electricit Thermal:

1- Household electric demand: -567 MWh » Heat grid demand: -1868 MWh
= Cooling electric demand: -8 MWh » Bio-mass boiler production: 1716 MWh
= Solar PV production: 584 MWh » Electric conversion: 152 MWh

»  Grid import: 252 MWh
= Grid export: -100 MWh

Fuel savings:

€3400/y

Grid peaks: from 57% to:
= Export: -174 82%

* |mport: 174 kW

Unstrengthened

grid connection

UNIVERSITY OF TWENTE. 22
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“ W Case study conclusions
.Y, y

Optimal supply temperature of Meppel district heating system:
« = Pumping energy: pipe diameters & flow
» Heat loss: pipe insulation properties
=  Minimum costs: 60°C (= project limit)
= Opportunity: locally boost low (<55°C) supply temperatures
» Legionella risk prevention for domestic hot water
Optimal capacities of supply system:
= Model for Optimal capacities = generators, storage facilities
» Interaction between demand and renewable generation flows

\x \\\ = Measures to reduce electricity peaks and limit surplus feed-in
N\ \\

Advantage of district heating for system integration:

= Opportunities: direct power to heat to reduce electricity peaks

= Attractive cost savings possible: fuel, grid lay-out & connections

° Q UNIVERSITY OF TWENTE. 23
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w “aThank you for your attention!
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=

« = More details on: www.utwente.nl/energy
Electrical and thermal profile generators, PhD publications
= Online Thesis version expected: may 2017
» Future work, integrated tool:
= Optimal capacities

= Smart control of flexible devices

» Mail: r.p.vanleeuwen@saxion.nl
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